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ABSTRACT : Experiments were conducted with three biofloc treatments and one control in triplicate in 1000 ltr capacity
indoor tanks and water level filled up to 600 ltr. Enhanced shrimp growth was noticed in biofloc treatment tanks and a
significant difference in the final average body weight of (15.92±0.07g) was found in the wheat flour treated shrimps than those
of control group shrimp. The Feed Conversion Ratio differs significantly (P<0.05) between biofloc treatment group and control
groups. Lowest FCR (0.5±0.07) was recorded in wheat flour as carbohydrate source biofloc treatment during the experiment.
Highest Specific Growth Rate (4.59) was observed in the wheat flour treatment groups than that of other treatments and control
groups. Wheat flour utilization as carbohydrate source to biofloc development for rearing of L. vannamei was proved to be the
best option among all treatments. All the carbohydrate sources (wheat flour, tapioca flour and molasses) utilized for biofloc
treatments indicated highest growth than control treatment.
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INTRODUCTION
World Aquaculture is growing with an annual rate of
8.9–9.1% since the 1970s. This high growth rate is needed
to solve the problem of shortage in protein food supplies,
which is particularly situated in the developing countries
(Gutierrez-Wing and Malone, 2006). The global shrimp
market has expanded from less than $1 billion to $12
billion (US) from 2000 to 2013 (FAO, 2014). To meet
this growing demand, the shrimp industry is shifting from
extensive rearing systems to more intensive rearing
systems.
In order for aquaculture to be completely successful,
the industry need to develop technology that will increase
the economic and environmental sustainability. In
conventional and semi-intensive ponds, natural food can
supply up to 70% of the nutritional requirements of shrimp,
benthic organisms and zooplankton constituting the
essential components of this food source (Martinez-
Cordova et al, 2003). The prime goal of aquaculture
expansion in to produce more aquaculture products
without significantly increasing the usage of the basic
natural resources of water and land (Avnimelech, 2009).
Biofloc technology is not only an adequate approach in
maintaining water quality in the aquaculture system, but
it also generates biomass that can contribute as a protein
source for the cultured organisms in situ, Crab et al
(2010a) or can be harvested for use as a feed ingredient
(Kuhn et al, 2010). Hence, the use of biofloc as a food
source  implies a decrease in the requirement of
formulated feed protein and also improve nitrogen
utilization efficiency by the cultured animals (Xu et al,
2012).
As the microbial communities develop, bioflocs are
formed from heterogeneous aggregates of microorganisms
and organic particles (De Schryver et al, 2008). As a
supplemental food source available for cultured shrimp,
the biofloc can be consumed and provide a significant
fraction of protein demand (Xu et al, 2012).
The availability of natural food will be influence by
the production system, which may interfere with the
dependence on and availability of nutrients, such as protein
from inert diets. In heterotrophic biofloc-based shrimp
culture systems, the driving force is dense populations of
active heterotrophic bacteria which can be promoted by
increasing the C/N ratio of feed input and assimilate the
waste nitrogen from culture water resulting in the
production of new microbial biomass (cellular proteins)
(Avnimelech, 2006).
By adding a carbon source to the culture medium in
limited-discharge systems (i.e., by changing the C : N
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ratio), it is possible to obtain a significant enhancement
of bacterial growth and of the fixation of toxic nitrogen
metabolite species (Crab et al, 2010a). In addition to the
improvement of water quality, increase in bacterial
biomass, providing supplemental feed, improved shrimp
survival, growth and to reduce the releases of nutrient
rich water into receiving streams (Krummenauer et al,
2011).
MATERIALS AND METHODS
The experiment was conducted in Wet Laboratory
of the Department of Aquaculture, College of Fishery
Science, Sri Venkateswara Veterinary University,
Muthukur, for a period of 60 days.
Litopenaeus vannamei (1000 numbers) were
obtained from BMR Hatchery, Nellore. Acclimatization
was carried out over 2 weeks. During this time salinity
was lowered from 5 ppt to 3ppt. The seeds were fed
with crumble, sinking starter feed having a crude protein
percentage of 35 (Manamei shrimp feeds AVANTI
Company).
Indoor experiments were conducted in FRP tanks
with 1000 ltr capacity and with an effective bottom area
of 1.03 m2, triplicate treatments were maintained in the
Laboratory. Tanks were filled with bore water with a
depth of 60 cm. Aeration was provided 24 hours
throughout the experiment for better biofloculation. Urea
and super phosphate were added as fertilizers at a dosage
of 4 and 1 g/m2 during the first three weeks (Varghese,
2007). After two week all tanks were stocked with
shrimps at a rate of 15/m2 (New, 2002). Before stocking
initial weight of the organism (1.025±0.05g), initial water
parameters were recorded. Commercial pelletized sinking
shrimp feed with a dietary protein level 35% was selected
as experimental feed in pellet form and for initial feeding,
it was repelletized into smaller size.
Preparation of carbohydrate source and feeding
Three easily and locally available carbohydrate
sources viz, tapioca flour (Manihot esculaneta), wheat
flour (Triticum aestivum) and molasses (Saccharum
officinarum) were selected as carbohydrate sources for
biofloculation. Wheat flour, Molasses and Tapioca were
purchased from the local market. Raw tubers were
purchased, peeled and washed thoroughly, made into small
pieces and soaked in water overnight. Next morning
water drained and the pieces were kept in oven at 600C
till it dried completely. After that slices were powdered
in a mixer grinder, sieved through 35ìm sieves and powder
stored in air-tight container (Saritha, 2009). By processing
1 kg of raw tuber, 500 g of corresponding powder was
obtained.
Shrimps were fed with experimental feed at 12% of
initial body weight and adjusted gradually to 2.5% at the
end of the culture (1-60 days). The ration was divided
and distributed twice daily with similar portions between
9:00 and 10:00 hours in the morning and between 17:00
and 18:00 hours in the evening. The C:N ratio of the
treatments was calculated using the formula of
Avnimelech (2000) and it was found to be 10:1 for all the
treatments. The quantity of carbohydrate added was
calculated following the theory of Avnimelech (1999).
Pre-weighed carbohydrate source was mixed in a glass
beaker with the water collected from the corresponding
culture tanks. The culture tanks treated with wheat flour,
tapioca flour, molasses were represented as T2, T3, and
T4, respectively. All the systems were maintained for 60
days without any water exchange. Water loss due to
evaporation was compensated by the addition of
dechlorinated water as per requirement. Proximate
analysis of the feed was estimated by the method of
AOAC (1995).
Table 1 : Proximate composition of experimental feed & different
carbon sources.
Feed code Protein Fat Ash Fiber Moisture
(%) (%) (%) (%) (%)
3S 35 5 4 4 11
Wheat flour 12.8 1.8 13.3 1.2 6
Tapioca flour 2.1 1.23 0.6 0.89 9.4
Molasses 5.9 0.06 9.4 0.1 29.6
Growth parameters
Yield study was done by using hand net in the culture
tanks. Individual length and weight were recorded.
Individual shrimp weight gain, specific growth rate (SGR),
feed conversion ratio (FCR) and average daily weight
gain (ADG) were calculated. The growth parameters of
all the shrimps of each tank were individually estimated
by taking their total body length and weight at 7 days
interval.
Statistical analysis
Statistical analyses were performed using web
agristat package (WASP) version 2.0. The data obtained
on Growth and Food Conversion Ratio was statistically
analyzed by applying Randomized Block Design (RBD)
of two-way classification.
RESULTS
Growth of L. vannamei fed on biofloc grown with
different carbon sources
Weight of shrimp in grams and weight increment data
observed weekly for different treatments is presented in
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Tables 2-3. Observations on the growth during the overall
study indicated that the Wheat flour (T2) recorded total
weight increment of 15.92±0.07g in 60 days experimental
period. This was followed by the Tapioca flour (T3)
15.17±0.07g and Molasses (T4) 14.82±0.04g, they stood
in second and third positions, respectively.
Specific Growth Rates
Specific Growth Rates (%) of L. vannamei fed on
biofloc grown with different carbon sources
Specific growth rates by the end of experimental
period (60 days) were calculated for all the treatments.
Specific growth rates for L. vannamei treated with
different carbon source biofloc were calculated and
presented in Table 4.
Control (T1) group has the lowest Specific Growth
Rate of 4.13%. The highest value was in Wheat flour
(T2) with 4.59%. The treatments that stood second and
third positions were Tapioca flour (T3) 4.49% and
Molasses (T4) 4.45%, respectively.
Feed Conversion Ratio
Feed Conversion Ratio of L. vannamei fed on
biofloc grown with different carbon sources
The Feed Conversion Ratio (FCR) in different
experiments of L. vannamei groups were calculated and
presented in Table 5.
The range for Feed Conversion Ratio varied during
the experimental period was 0.50±0.07 (Wheat flour) –
1.80±0.05 (Control).
The Control (T1) was found to be significantly
superior when compared to the other treatments. The
Molasses (T4), Tapioca (T3) and Wheat flour (T2)
occupied second, third and fourth positions. There was a
significant difference between the experimental periods
also.
Table 2 : Growth performance (g) of L. vannamei fed on biofloc
grown with different carbon sources.
        Treat- Control Wheat Tapioca Molasses
            ment
0 1.025±0.12 1.025±0.12 1.025±0.12 1.025±0.12
7 2.09±0.11 2.70±0.08 2.53±0.12 2.54±0.05
14 3.21±0.08 4.44±0.11 4.12±0.07 4.13±0.09
21 4.43±0.05 5.19±0.05 5.74±0.02 5.75±0.11
28 5.72±0.07 7.97±0.09 7.42±0.08 7.40±0.05
35 7.08±0.02 9.78±0.11 9.24±0.11 9.11±0.01
42 8.59±0.11 11.71±0.04 11.12±0.08 10.79±0.09
49 10.26±0.12 13.65±0.12 13.05±0.12 12.64±0.12
60 12.27±0.09 15.92±0.07 15.17±0.07 14.82±0.04
Period
(days)
T1 flour T2 flour T3 T4
Table 3 : Weight gain (g) in L. vannamei fed on biofloc grown with
different carbon sources.
        Treat- Control Wheat Tapioca Molasses
            ment
7 1.07±0.08 1.68±0.05 1.54±0.11 1.52±0.09
14 1.12±0.02 1.74±0.08 1.59±0.09 1.59±0.05
21 1.22±0.05 1.75±0.02 1.62±0.05 1.62±0.02
28 1.29±0.11 1.78±0.11 1.68±0.08 1.65±0.11
35 1.36±0.09 1.81±0.09 1.82±0.02 1.71±0.01
42 1.51±0.02 1.93±0.07 1.88±0.12 1.68±0.12
49 1.67±0.07 1.94±0.12 1.93±0.09 1.85±0.08
60 2.01±0.12 2.27±0.01 2.12±0.11 2.18±0.09
Period
(days)
T1 flour T2 flour T3 T4
Table 4 : Specific Growth Rates (%) of L. vannamei fed on biofloc
grown with different carbon sources.
        Treat- Control Wheat Tapioca Molasses
            ment
Initial 1.025 1.025 1.025 1.025
Final 12.27 15.92 15.17 14.82
SGR 4.13 4.59 4.49 4.45
Period
(days)
T1 flour T2 flour T3 T4
Table 5 : Feed Conversion Ratio of L. vannamei fed on biofloc
grown with different carbon sources.
        Treat- Control Wheat Tapioca Molasses
            ment
7 0.80±0.08 0.50±0.07 0.55±0.05 0.56±0.02
14 1.39±0.02 1.08±0.05 1.19±0.02 1.19±0.05
21 1.58±0.05 1.52±0.02 1.42±0.04 1.53±0.04
28 1.56±0.05 1.31±0.04 1.54±0.07 1.58±0.05
35 1.28±0.04 1.23±0.08 1.23±0.05 1.21±0.02
42 1.08±0.07 1.15±0.05 1.03±0.08 1.24±0.04
49 1.00±0.02 1.05±0.04 1.09±0.04 1.12±0.05
60 1.80±0.05 1.65±0.02 1.69±0.02 1.59±0.07
Period
(days)
T1 flour T2 flour T3 T4
DISCUSSION
Growth Performance of L. vannamei in biofloc
treatments grown with different carbon sources
Biofloc consist of variety of bacteria, fungi, micro
algae, detritus and other suspended organism
(Hargreaves, 2006). The microbial community associated
with biofloc improves feed utilization and animal growth
(Kim et al, 2014). The growth performance of shrimp in
biofloc reared with different carbon sources were
significantly (p<0.05) higher than those in control group
in this study. Many of previous studies have shown that
growing L. vannamei in biofloc system can improve
shrimp growth as compared to clear water (Kim et al,
2014). Growth performance was significantly higher
(p<0.05) in wheat flour treated tank than to control and
other carbohydrate source treatments. In the present
study increasing in growth performance in biofloc with
wheat flour as carbohydrate source are in the agreement
with findings of Megahed (2010) in P. semisulcatus and
Anand et al (2014) in P. monodon.
The growth performance in biofloc group were
significantly higher than those in control group in our study.
One of the reason for improved performance is probably
related to consuming biofloc by the shrimp.
Wheat flour as a carbohydrate source biofloc grown
shrimp documented higher weight gain (2.27±0.01) than
to control and other carbohydrate source treatment grown
shrimp. In the case of biofloc treatments in the shrimp
culture with different carbohydrate sources wheat flour
as carbohydrate source showed significantly higher
growth performance and weight gain in L. vannamei than
those of others (Rajkumar et al, 2015).
In the present study, the shrimp fed on biofloc grown
with different carbon sources showed better SGR than
the control shrimp. Wheat flour utilized as carbohydrate
source for biofloc development to provide diet for L.
vannamei was resulted higher SGR than the control. The
results reported in the present study were correlated with
the finding of Rajkumar et al (2015) in L. vannamei and
Anand et al (2014) in P. monodon.
In the present experiment, biofloc grown shrimp with
different carbohydrate sources showed significant
(p<0.05) reduction in FCR compared to control treatment.
FCR in the present study has been demonstrated
fluctuating trend, initially from 7th day to 21st day, it was
increased and gradually followed declining trend. It may
be due to fluctuating in the density of floc in different
carbohydrate sources treatments. Biofloc supplementation
of 12% did not resulted in proportionate increase in growth
rate or improvement in FCR of P. monodon compared
with control (Anand et al, 2014). On 28th day in regard
to wheat flour, 42nd day for tapioca flour and 60th day for
molasses lowest FCR was noticed in different
carbohydrate sources utilization for biofloc treatment
except on 49th day all the treatments of L. vannamei fed
on biofloc grown with different carbohydrate sources
performed with better FCR than control treatments.
Biofloc is a proven food source for cultured species and
results in a decreased requirement for supplemental
feeding (Li et al, 2013). Similar results were reported by
Anand et al (2014) in P. monodon at 4% and 8%
supplementation of biofloc treatments.
CONCLUSION
Wheat flour biofloc treatment gave best result in the
enhancement of growth, SGR and better FCR among all
treatments.
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